The time course of the recovery of cardiac mitochondrial phospholipids was investigated in rats subjected to a 3 hour loaded swim. The 3 hour swim caused a 50% reduction in mitochondrial phospholipids compared with the level in sedentary controls. During the first 12 hours of the recovery period, phospholipids tended to increase but fell again before reaching control values by 120 hours after the swim ended. Phospholipid recovery in microsomes was completed in 12 hours. Total mRNA in cardiac tissue decreased by about 15% in rats subjected to a 3 hour loaded swim but recovered to control levels in the first 12 hours of the sedentary recovery period. Thus, fluctuations in cardiac mitochondrial phospholipids do not parallel the changes in total mRNA in cardiac tissue. (Jpn Heart J 35: 345-351, 1994) Key words: Prolonged loaded swim Phospholipids Mitochondria Microsome Heart Recovery mRNA REVIOUS studies have shown that a 3 hour loaded swim produces approximately a 50% decrease in cardiac mitochondrial contents of phosphatidylethanolamine (PE) and phosphatidylcholine (PC) from the levels observed in sedentary rats.1) Phospholipase A2 activity in the microsomal fraction of cardiac tissue also increased following the prolonged swim. Preadministration of coenzyme Q10 partially suppressed both the decrease in phospholipids and the increase in phospholipase A2 activity after the swim.2) Changes in phospholipid contents during total ischemia have been studied extensively. Total ischemia for several hours caused only a slight decrease in phospholipid content in canine hearts.3-6) The reperfusion, however, caused a 30% decrease in mitochondrial phospholipids in arrhythmically beating canine hearts.7) These results suggest a close relationship between cardiac function and membrane phospholipid contents. Some phospholipids are essential for the functions of membrane enzymes, and bulk phospholipids serve as a spacer for memFrom the
Jpn Heart J May 1994 brane enzymes to protect them from aggregation and loss of function. Decreases in phospholipids may, therefore, result in depression of cardiac functions. In an analogy with the case of reperfusion, the phospholipid decrease after a prolonged swim may depress cardiac functions.
Since slow recoveries in function after exhaustion are well described in skeletal muscle, 8) it is important to determine whether the cardiac phospholipid recovery process after exhaustive exercise follows a similar time course. Several factors suggest that mitochondrial phospholipids are an important site to examine the recovery process after exhaustive exercise. Since oxygen radicals are produced near the inner membrane of mitochondria and the oxygen radical scavenger system is poor in mitochondria,9) Figure 3 . The total mRNA level in rat cardiac tissue after a 3 hour loaded swim and a recovery period of 12 hours.
reduced after the 3 hour swim, but recovered to a level similar to the control value during the 12 hour sedentary period ( Figure 3 ).
DISCUSSION
In agreement with our previous experiments, cardiac mitochondrial phospholipids decreased significantly after a 3 hour loaded swim.1,2) Following a marked fall, phospholipid levels recovered transiently, then fell before recovering to control values after 120 hours. The cause of this fluctuation remains unknown, but it is noteworthy that the time required for recovery greatly exceeds the duration of the exercise. Mitochondria have no DNA for phospholipid syntheses. By contrast, microsomal phospholipids recovered rather quickly in 6 to 12 hours. It is well documented that phospholipids are synthesized on endoplasmic reticulum and transported to mitochondria to repair membranes.13,14) Thus, it is rather reasonable that the recovery in mitochondrial phospholipids required a longer time than that in microsomes. Mechanisms of the rather quick recovery of cholesterol content needs study in the future. The time courses of recovery of PC and PE seemed different in microsomes. The recovery process was quicker for PC than for PE. The cause for this difference may be attributed to the higher rate of synthesis for PC than PE in vivo.
We expected that the rapid and marked decrease in cardiac mitochondrial phospholipids might be accompanied by an increase in cardiac mRNA to accelerate phospholipid synthesis and transport to mitochondria. Contrary to this expectation, mRNA tended to show a slight decrease immediately after the 3 hour loaded swim. This result appears to be consistent with the reported decrease in protein synthesis in the 1 to 2 hour period following exercise12) and with the decrease in tyrosine hydroxylase mRNA produced in young rats by exercise. Booth22) hypothesized that mRNA decreases as cellular high-energy phosphates Jpn Heart J May 1994 decrease and cellular pH falls. Such metabolic changes may have occurred during the present exercise period and probably caused the slight decrease in mRNA level. In other words, the small decrease in mRNA may be a general phenomenon due to fatigue.
One might expect mRNA levels to increase during the recovery period to replace biomolecules, including phospholipids, degraded during exercise. This expectation, however, was not fulfilled. In the 12 hour sedentary recovery period, mRNA showed values similar to controls and apparently remained at that level thereafter. Clearly mRNA levels are more stable than phospholipid levels.
